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SOLAR CELLS AND ENCAPSULATION THEREOF 

[0001] ThiB invration r^lfttod (o a i^lor cell md a pro&tes of ripplying u gilicone based 

enotq^lant material onto an army of intBrcotmectecI solar cells (crystalline silicon or thin 
5 film silicon) to farm a solar module. 

[0002J In geneiral, solar cell modules are made by interconnecting individual solar 
cells and laminating (be intetconncctcxl cells into an integral solar cell module. Typically* 
solar cells are provided with a top cover material^ which maybe glaaa^ or a stifTtranspaxent 

10 material, for cscamplc an oigamc fliiOropoIynaor such, as an ethylene tdfrafhioxQethylcxus 

0BTF£) based copolymer^ External of the top »ver material, i.e. remote £rom the oell is then 
provided a transparent &ont encq^snlant. A wide variety of materials may be used as the 
encspsulant, a common example in the prioi: art being ethyiene-vinylacetate copolymer 
(EV A). The front encips^ulant is chosen to adhoe to both (he cover material and to a serira 

15 nf inixniconnectect solar cells. A rear encapslilant is also applied to the base of each cell. The 
rear encapsulant may be the same material as the fixmt encs^sulant» e.g. EVA but may be 
transparent or any suiLable colour. A rigid or, a BtilTbaukskin is additionally provided lo 
protect the rear surface of the modale. A protective seal which covers the edges of the 
module^ and a perimeter fianie made of aluminium or a plastic msterid is provided to cover 

20 the seal. The frame protects the edges of ti\e modale when the firotit cover is made of glass. 

(0003] EP 04068 14 and US 63201 16 both describe encapsulation, systems for solar 

cell or photovoltaic systems. Kondo et al, (Solar Energy Materials and Solar Cells 49 (1997) 
pages 1 27 to 1 33) describe the use of a iliermofietTing organic liquid resin as a means of 
25 encapsulating amorphous silicon photovoltaic modules but docs not clearly identify the resin 
used. 

ID004] Before the frame is mounted, ftie module is laminated under heat and vacuum 

conditions which cause the layers of encapsulant material to melt, bond to adjacent surfaces^ 
30 and literally "encapsulate" the solar cells. 
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10005) Solar cdk may be made from, for example, crystalline siKcoti or thin film 

silicoit. As crystalline silicon solar cells are usually brittle, the cncapsulant serves to protect 
the solar cells and reduce breakage when the module is subject to xnoohanical atross during 
normal usage. 

5 

[OOOfi] Subsequent to lamination the frame is attached to the module. Typically 

fiames suitable for use in combination with solar cells comprise mounting holes whieh are 
provided to enable easy nriounting of the resulting fiamed module to a suitable object in the 
field. Typically the mounting process will be accomplished using any sppropii^e mounting 
10 systems e.£. by way ofsvnwb, bolU, nu.i9 and the like.- 

[0007] Cunrently existis^ methods for solar cell module encapsulation are canied out 

in a batch mode. Thermoplastic sheets are melted under vacuum and subsequently laminated 
which makes the entire process slow and the overall cost of encapsulating the modules is high. 

15 Hiere is thcrefbxe a long fblt need to reduce flie cositR of this cnnnpRiilfd ng step nf the snlar 
cells in Older to reduce the overall cost of their manu&cture and it will be appreciated that a 
contlnuons encapsulation process will decrease the overall cost of the module. It is also 
known that (he cost of the encapsulant and the back skin materials represent a substantial 
fiction of the overall cost of each cell and/or module. The inventors have identified that ttie 

20 overall cost of per solar cell module may be reduced by usmg an altcmalive solution based on 
the use of one or more liquid encapsulants enabling a continuous encapsulation process 
which eliminates several stages in the cinreht solar cell module mana£aicturing pracess. 

10008) Cuixemdy one method used to decrease solar cell module manuftoturing costs 

25 involves the replacement of the metaU typically aluminium solar cell frame with a polymeric 
material for both the back skin and the edging. For amorphous thin film silicon solar cell 
modoles, polymeric frames made from moulded Oiexmoplastic materials such as polyurethane 
arc commonly used. These may be prepared by reaction injection moulding polyurethane to 
form a firame around on amorphous silicon modulo. Rcaotion injoctiou moulding may be 
30 done in situ (i.e«> on the module), this generally Leads to a significant cost Siiving, However, 
this moulding process shows several disadva7itHg$$. Kor exiampie, this process includes the 
use of a chemical precursor (eg., isocyanatc) which poses environmental hazards. This 
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process also r^uires a mould, fiirth^ adding to the ovecali mamifwtudng PO$t, Th^ Tnodu1o$ 
tend id be smallesr because of &e Mgbfir cost of tlie mould and the limited strength of the 
resulting polymeric frame. In tlus coufiguration, the enoapwlant is $ttll ba$ed on several 
layers of laminated themioplastfcs such as EVA and a fldoropolymer such as ETFE 
5 copolymer. The only cost saving is derived from the cost reduotion of the Rrame but 
potentially rradcrs the resulting cells more biitUer 

[00091 Another problem with the system currently used in the industry is ibe fitct that 

fhrnnoplasdc laminates are well known to have poor adhesive propoties lelsitive to glass, 
10 This problem whilst not always initially evident often leads to gcadual dolaminatian of a 

thermoplastic layer &om glass surfeces in a solar cell over periods of proloi^gcd weathering. 

These lamTnatra also have a low UV resistance and as such discolour, generally turning . 

yellow or brown over the lifetime of a solar cell, leadmg to a non aesthetically pleasing 

module. ClassicaUy^ a substantia lonountofadhesive niay often. b^ 
15 delammstinn cfFccts and of TIV screens are necessary to deemase long term discolouration. 

lOOlOj For crystalline silicon modules, one of ihe mainproblcaris arc tlic wtils uf tlic 

materials used, for example^ thebackskin materia] is generally expensive. There ate two 
widely used back sldn materials^ both of which tend to be e^cpensive: EVA laminate and 
20 Tedlar® a polyvinyl fluoride (PVF) and the other widely used backskin material is glass in 
glass/cdl /glass configuration. 

[0011] The inventors are seeking to overcome the above problems by providing a new 

solar cell module and an associated continuous process therewith which avoid the problems 
25 described above, in that the plastics laminates are replaced by a liquid encapsulaat that 
hardens under tnB:^ed radiation or thermal cure so as to reduce or eliminate handling of 
laminate sheets, and eliminate the use of laminators, that increases the encapsulation batch 
time and cost. The present invention fiiithemaore addresses the problem of waste generated 
by lamination processes, and the resulting associated materials cost 

30 

[OUIZJ In accordance with a first aspect of the present invention there is provided a 

solar cell module comprising a solar cell and a liquid silicone encapsulant. 
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(0013J The liquid silicone encsqjsulant in accordance wth the inventi<M» preferably 
comprises 

Component <A) 100 parts by weight of a liquid diorganopoIysiloxaaB having at least two Si- 
5 aJkenyl groups per molecule and a viscosity at 25^^ of fiwn 100 to 1 0,000 mPa-s; 

Component (B) 20 to 40 parts by weight of a silicone xesin contahiing al least two iilkeiiyi 
groups; 

Cw^ponent (C) a dDss-Iuikmg as«it in the fium oFapolyoi^ganosiifncaiie havu« at laast two 
silicon-bonded hydrogen atoms per molcculei. hi an amoont such tfiat the latb of the nnihber 
10 of moles of dUecuirboodAd hydrogpn to the totaJ nurobor ofraoka «if nlicon-bonded aUxnyl 
groups m con^osuait is fiom O.l: 1 to 1 : 1;. 

Component (D) a platinum based catalyst wheasm tfiBramonnt of platinum metal in said 
platmum-47ased catalyst is fiom 0.01 to 500 parts by wdisht per 1.000,000 paMs by wei^t of 
component (A). 



100141 Component (A) is preferably a liquid dioiganopolysiloxane» n^nesented by the 

following ovorago uzdt fbmvOa: 

RaSiO(4^ija 

Wherehi each R is the same or different and is a monovalent hydrocarbon group, for example 
20 • a Unear or bzanched alkyi group such as methyl, ethyl, propyl, isopropyl t-butyl, and pentyl; 
an alkenyl group such as vmyl, allyl, or hexenyl; and an aiyl group such as phenyl, "a" is a 
nunibef with an average value between 1 .R and 2.3. iPn^iably, component (A) has a 
viscosity at 25*0 of ftom 100 to 10,000 mPa-s, a molecular structure which is substantiaUy 
linear alihough may be partially branched and a iclativaly low molecular weight of ftom 
25 10000 to 50000. more preferably from 15000 to 3000O. Pi^ftrably, component (A) 
comprises sikisayt tennmal groups. 

(00151 Examples of component (A) include 

a dimethyhdnylsiloxy-tenninated dimethylpclyBiloxaiio, 
30 a dimelhylvmylsiloxy-terminated copolymer of methylvinylsiloxanc and dimethylsiloxane, 
adimeihylvinybiloxy-terminated copolymer of methylphenylsiloxane and dhnethylsiloxane, 
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a dimcthylvinylsiloxy-teiminatod copolymer cfmclhylphOTylsilQxane^methylvinylsUoxa^^ 
and dimethylsjloxmie^ 

a dimethyl vinyl«i1ovy4erimnated copolymer of diphcnylsiloxazie and dimethylsiloxQno, 
a dirae%lviiiylsiloxy-tenninated copolymer of diphenylsilpxwe» melhylvinyldloxfine, and 
5 dimethylslloxano, 

[0016] Ck>ii¥cmBntCB)isaSilkonei:asinGxmtBiiunga^ 

comtmsing SiOm whs (aJao known as Q units) and inuts selected Gnnn SiOjn (also Jmown 
as T timts), R'2Si02a. and R'aSiOia units, where each R' may be the same or difTccent and is 

10 R or a hydrogen atom* It is pie&rred to disp^iue compoticdit ^) ixi a suitable solvent to 
ensure ease of mixing with compoaent (A). Any suitable solvents may be used such as for 
example aromatic soiv^ats such as toluene and xylene, ketones such a$ mefbyl isobutyl 
Jcetone^ alcohols such as isopropanol and non-aromatic cyclic solvents fluch as hexane. 
. Typically, xylene is preferred, Prefenably, the silicone resin ii$ed has a viscosity of between 

1 5 500 to 5000 cP, more preferably between 750 and 2000cP. * ^ 

[001 7] Component (C) is a cross-linking agent in the form of a pOly vq^anusiloxane 

havmg at least two siiiconrbondcd hydmgen atoms per molecule and has the following 
average unit formula: 
20 R'bSiO(«y2 

where eachR' may be die same or different and is hydrogen, an alkyl group such as meth^ 
eihyl, propyU and isopropyl or an aryl group such as phenyl and tolyt. Cnmponent (C) may 
have a linear^ partially branched linear, cycllp, or a net-like structure. 

25 [D018] Examples of the aforementioned organopolysiloxane include one or more of 

the followmg:-^' 

a trimethylsiloxy-tenmnated polymethylhydrogensiloxane, 

a trimethyisiloxy-termtnaled copolymer of methylhydrogensilox^ne and dimethylsiloxane. 
a dimethylliydrogensiloxy-temiinated cnpolymftr of methylhydtogen^iloxane and 
30 dimethylsiloxane, 

^ cyclic copolymer ornicdiylhydrugcnsiloxane and dimcthylsiloxane. 
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an organopolysiloxanc composed of siloxand units expressed by the formula (CHi)iSiOi a, 
stloxane units expressed by the formula (CHa)aHSiOi/2. and siloxane units expressed by the 
formula SiCX^z. 

an Ofganopolysiloxane composed of siloxane units expressed by the fonnula (CH3)2HSlOi/2, 
S siloxane units expressed by the formula CUaSiOa/j, 

an organopolysiloxane composed of stloxane units expressed by the foimuia (CH3>2HSiOi/2, 
siloxane units expressed by the fonmila {CHyh^iChm and siloxane units expjcssed by the 
formula Chk&iOji^^ 

a dimediylhydroseD&iloxy-tQnninated polydimefhylsiloxane, 
10 a dimaOiylhy^gensiloTgr-tenninatod copolymer of mcthylphenylsilojuoiu and 
dimethylsiloxane^ and 

a dtmethylhydrogmsiloxy-tenninated copolymer of a methyl (3,3,3-trifluQrqprapyl) siloxane 
and dhnelhylsiloxane. ' 

15 [0019] Preferably tiie viscosity of the cmss-linking agent (C) at 2S*C is in a range of 

from 2 to lOOyOOO mPa-s. It is recommended that component (C) be added in an amouiit 
Buch That the mole ratio of silicon-bonded hydrogen atoms in the cross-luilddg agent (C-2) to 
the mole numiber of aikenyl groups in camponait (A)isinthcrangeof fromO.lrl to 1:U 
more preferably it is in (he range of fi-om 0.5: 1 to 0.9:1 . If the above ratio is lower than 0,1:1, 

20 the density of cioss-linldng will be too low and it will be difBcult to obtain a mbber-like 
dastomen 

10020] Component (O) ttie platinum-based catalyst may be any suitable platinum 

catalyst such as for example a fine platinum powder, platinum black, cWoropialinic acid, an 
25 alcoholic solution of chloroplatinic acid, an olefin complex of cUoioplatmic acid, a complex 
Of chloroplatinic acid and alkenylsiloxane, or a thermoplastic xesb that contain the 
afoiementioned pladmmi catalyst The platinum catalyst is used in an amount siicli tTiat ttie 
content of metallic platinum atoms constitutes from 0.1 to 500 parts by weight per 1,000,000 
parts by weight of component (A). 

30 

10021 1 The compotition may also comprise one or more curing inhibitors inn order to 

improve handling conditions and storage properties of the compositiozu for example 
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flcetylcne-typeoompounda, such as 2Hn[iethyl-3-butyn-2-ol, 2-ph«snyW3-bulyn-2-ol. 3^S. 
dimethyl-l-hexyn-a-ol, l-ethynyl-Lcycloihexaiiol, 1,5-hexadiene, 1.6-heptadiene; 3,5- 
dimethyl-l -hexca-l -yne; 3-«ftiyl-3.buten-I-yxie and/or 3-phonyl-3*uten-l-yuB; an 
alkmyiailoxanB oligomer such as 1,3-^vinyItdiamBthyldiBiloxatte, l^A?- 
tBtawinyketniuiclhyl cyilotetrasiloxane, or Wivinyl-l^Mipheayldimethsadisfloxane; a 
siKoon compound contaimng an ethynyl group such as meJhyltris (3-raethyH-btttyn-3^xy) 
ailane; a nitnigeiMml^iiing conipoimd such as tribntj*nmnB, tetramethylethylenediamine, 
bcKsotriazola; a sSadlsat phosphoxns-conteining compound such as triplienylphospliine; as 
wen as fsnlplnir-containing compounds^ hydropcroxy compounds, ormaldc-acid derivatives. 



10022] The afbrementioiied curing inhibitois are used in an amount of from 0 to 3 

parts by weight, nomiaJly flom 0.001 to 3 parts by weight, and preferably from 0.01 to 1 part 
by wetsbt per 100 parts by weifiht of component (A). Most pt^ferable among the curing 
inhibitors are the aforementioned acetylene-type compounds, which demonstrate the best 
15 balance betweoi storage characteristics and speed of curing when they are used in a 
c<»nbhiation with afoiemaitioned component (D). 

[0023] Where required one or more adhesion promoters may also be used to enhance 

the adhesion of the encapsolant to a substrate surfece. Any suitable adhesion promoter m^ 
20 be utilised examples include , 

vinyltriethoxysilanc, 
acrylopropyltritnesthoxysilaiie. 
Allyltriethoxysilane, 
glycidopropyltrimethoxyailano, 
25 allylglycidylether ^ 

hydroxydialltyl silyl termmated nacthyhdnylsiloxane-dimethylsiloxane copolymer, 

reaction product of bydroxydialkyl silyl terminated methylvinylsitoxane^ethylsiloxane 
copolymer with glycidopropyltriniedioxysilahc; and, 

bis-biethaxysilyl ethjiene glycol (reaction product of tricthoxynhne with eChylcno glyooO. 
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Frereired adhesion promoters are 

^ ^'y^«>xydiaI|cyl«lyltoiwinatodmcthylvinyW^ 
dimetbylailoxane copolymer, 
5 «) reaction product of hydroHydialfcyl silyl tenninated 

tnethylvmylsiloxaiie<llmethylsaoxane copolymca- with 
elycidapropyltrimeOioxj^laiie: and 
iii) bis^trieflioxysilyl ethylene glycoL 

10 10024] ^-«»i«»8«d«Mt£voamaybout£li»d,wh«crcquircdtoprevem 

the solar cells aw tt use. particularly profened are fluoroalkene or sl fluorosi licone additives 
that has a viscosity of lOOOO cF such as fliio«mated^ilsesqmxoanes such as for example 
dimethyihydrogensiloxy tenninated trifluoropropyl sflsesquioxaite. 

IS (002S] The invcators have also found a new way of pa^aivating the surfiwe of* solar 

cdl and/or photovoHaic ccU which inay be encapsulated by any system i,e, using the 
composition as descnW in.tho ptcssnA invention or the prior art processes and lamination 
techniques. The coating of the cell surfecc witt, a trialkoxysilane results in a primer or 
pawivating layer whidi has good adhesion to the cell surface and lypicaUy to the encapsuhml 

20 used, it wiU passivates the surface to remove any problems with bubble formation due to 
water presence between the cell and the encapsuIanL It will also protect the cell after 
encapsulation ftom water ingress. Typically the layer of the passivation coating might be as 
small as 2^m thick. Preferably the fo uith group on such a sUane is a further alfa«y group, an 
alkyl groi^ or and alfcenyl group. Preferably the uialkoxysilane is for example, a 

25 trimedioxysilane ortrimethoxysilane. 

{00261 The liquid enoapsulant is designed to cure and thcraforo haiden in a wefl 

defined thickness when submitted to infiiarod or diemial radiation. The use of a Kquid 
siUcone encap.su1»il: enables the user to operate a continuous process in ivWch a liquid 
30 cncapsulant such as liquid sjUoonc rubber may be applied onto celb by way of dispensing 
equipment such as ibr example cmtahi coatere. spray devices and die coalers and the like. 
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The modules may be fed continuously osins a conveyor Ibr flat rigid substxate such 3« e^ss 
or fed in a roll to roll process for flexible subsirates such as stainless steel foils. 

[00271 The novel encapsulation material is made of dUcone lesin that is known for its 

5 outstanding W icastaiioc. Willi sJlieone. no need of U V screen additive as described in 

prior art The enoapsulant described in this invention exhibits a long tenn UV&V light 
^ tranamissionthataUowathemaDranuniliishtto UV resistance of silicone is 

well known in the literature inchidiixgihBFVM<Biwurc.h<wcver the comrnardal exploitaticm 

of this &aims has been limited by a high total cost and a lack of suitable process to dispense 
iO a liquid OQcaittulatinn. 

[0028J "I^eawJapaatfant is located between the glass and the cell an^ 

fiinction is to protect tfae cell agahast mechanical stress arising fiom temperature changes, its 

second fiinclion is to g)ue the cell to the glass during the encapsulation process. 

10029] The conqsosition may be cured by any suitable process, for example 

compomenf (B) may be premixed with components (A) and (C) and then CO-cross-linked m 
the presence Of platinum catalyst to fonn a tough network. Preferably a small amount of a 
catalyst inhibitor, such as for example ethylhexynol, is added to allow aprolonged bath time 

20 of the material. To ensure a long lasting bonding interaction between the etncapsulant and ail 
adjacent surfeces, a small amount of alkoxysilano adhesion promoter is added and the ratio 
SiH/SiVi is lower than 1:1, such as for example 0.6: 1 . Tt is believed that the adhesion 
promoter migrates to the interfece of the encapsulant and reacts iircvereibly with adjacent 
surfaces. This sbxtng adhesion allows the module tw functicm over a wide range Of 

25 temperatures without or substantially without delaminating. 

[0030J A silicone baaed top-coat may also be uUlized as a hard coating when cured 

which is adapted to protect the cnc«qjsulant and solar oeUs. Preferably the top^wat, where 
required^ comprises components (A). (B). (C) and (P) as hereiiibeibre described in differing 
30 proportdona in order to provide a hard outer coating when cured. 
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(0031] Hence ia the of the piofeoed top coat. Component (A) prefewiWy 

high molecular weight polymer, component (B) is present in an amount of fiom 30 to SO 
parts by weight of a silicone i«8in containing at lenst two alk«nyl groups and Component (Q 
a cf OSS-Unking agent in the firnn of a polyoiganoriloxime having at least two siKcoit-bonded 
liydiogta Htoms per moleoulo. in an amoant such that the ratio of the number of moles of 
BiKoon-bonded hydrogen to the total number of moles of siKcon^ionded alkenyl groups in 
component is fiom 0.8: 1 to S: 1 and more preferably fiom 1 :1 to 4:1. 

100321 Again additional additives deluding one or more inhibitors and/oroneor 

moieadheaion promote arcprefembly inchided in liie composition of the top-coat In the 
case whoe a top<oai is being utiUsed it is prefenvd to include aiti-soiling additives of the 
type described ia the top-coat alone, i.e. when present in the top-coat no anti-soiling agent is 
requixed in the cncapsulatiL r 

15 [0033] The lop-coat is designed so as to have a mquired abrasion t^siBtanoe to prevent 

ft^damagethatmayoccurduringtranspoitationorinthefieldusage. It is tough enough 
to servo also as the back eidn protectiiig dib wU. The combination of encapsulant and top- 
coat is designed to replace multiple layers and material chemistry of the classical 
COTfigorahon (EVA and fluoropolymer laminate) by 2 layers based on I core chemistry. The 
20 tops»at preftrably covers the enlire cell interconnects; it fimctions as an outer layer i.e. as an 
environmentally protectmg layer. 

[0034] Agam b the case of the top-coat any suitable process may be used ftr example, 
component (B) may be pt«mixcd wiQi compoaem (A) and component (C) and then co-ooss- 

25 Unked in the presence of a low level of platinum catalyst to fomi a tongh network. A small 
amount o f a catalyst inhibitor such as eOiylhoxynol is added to allow a prolonged baA time of 
the encapsulant. When heated above 90 »C, the mixture initially forms a non transparent two 
phase system due to the presence of an anii-soiling additive and &en becomes highly 
transparent. To ensure a long lajting bonding of tha «noBpauIant to all adjacent sur&ces. a 

30 small amount of adhesion promoter is preferably use. It is believed fbat the adhesion 
promoter migrates to iuieriSuje of the top-coat and reacts irreversibly with adjacent 
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suraces. This stioqg adbesicn allow the module to function in wide nmge of tanipcrahi« 
fiam ambient terapearalure to extremes without delaminatiqg. 

100351 Both the encapsulanc and, where utUized. the t<^oat provide homogeneous 
and transparent silicone SHoib tlmt maintains a high flexibility due to the presence of the 
KnearorsnbstantiaHylinearpolymetsofcomponenKA). the top-coat has a higher tear 
resistance than the encapsulant The anti-soiling additives are added to the t»p-coat, when 
pteseot to inciease th« soil resistanoe of the material and aie used in amounts wWeh will not 
noticeably affect the abrasion resistance properties of said top-coat In a blend such as that of 
the toiH»Bt ibnnulation. Hic aati-soUiaa additives trng^ and spread rapidly at the 
siKcone/air into&ce making a low siir&ee energy sutfece bot remain chemically bonded to 
the siUcone nmtrix, The soil aonimuiation on the top side of the coating is inversely 
proportional to 0ie suiiacc energy, which fa related to the level of anti-soiling additives on the 
surfiace. 



[0036] m use when a top^at is provided m addition to the encapsulant, during the 

euro of the topHsont several phenomenon occur when airri-soiliug additives are included in the 
composition; first a sm^ice phase separation occurs; Ihe anti-soiKng additive migrates to the 
Mirfiioe and then rcacis with the cross-linker gi ving a fluorine covered surfece. The platinum 
20 concentration at the surfiice increases due to inhibitor evaporation, leading to a gradient cure 
rate of the fifan from the snrfece to the bulk. The overall result is a much harder sur&ce and 
smoother bulk material that allows stress relaxation interfece between the glass and fho w«,fer. 

[00371 In one aspeet, the invontioji ft»tures a tnaiBpaieni cnc^sulani formed of a 

2S sificone composition that provides good adhesive properties to the front glass and to the 

crystalline silicon cell <or thm fihn modules). In case ofintercoraiected crystalline solar cells, 
the encapsulant plays the role of potting materia], showing a good adhesion to the 
interconnect cells, to die connectmg wm3s and to die fiont glass (wafer modules). The 
adhesion of the encapsulant to crystalline silicon solar cells requires a good wotting of the 
30 celL Tt was demonstrated that such wetting is obtained using the adhesive layer, which is of 
lower viscosity that the layer. 
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[00381 In another aspect of Uie present invention there is provided a contmnoas 

method of eno^suladng solar modules. 

[0039J The cuirent standaid induatiy process generally utilizes an EVA th«rmopIastio 
cncapsolant and a tauiiimUible baddng malarial such polyesteDftodter and the cell or anay of 
ceUa/module is piepaied using a lamination ledmique. TypicaUy a suitable laminalor is used 
to laminate die follovnng "saiKiwich" of l^is. 

1) superstrato glass. 
2> EVA, ' 

3) solar Mttanay; 

4) EVA, and 

5) backing material lamina^ 

The standard process uses the laminator apparatos to meh Ibe layers of Ihc "sandwich" at a 
15 temperature in the region of 140*C (actual tempcraturc uscrt is detennjned by the actual 
composition bdng laminaisd) under vacuum for about 20 minutes per panel. After 
lammstlon th« next st<^ of Hio batch pmcesss is (jqiB or sealant ftamlng the ceils^modules. 
The overall operadon is caiiied out in a batch mode and is typically i«Iad vely slow, and very 



10 



20 



labour tntenslve. 



[00401 In the present invention, in the case ofthinfihn solar cells on glass, a 

transparent encapsulant l^er is spta.yed, cnat<rf or dispensed unifonnly on both sides of a 
thin fihn solar modules and then where requued a fiirther coating of the same material or an 
oltemadve top-coat composition may be ^Ued in any appropriate way to fully encapsukte 
25 the cell or array thereo&module. 



[00411 Preferably the encapsulant is a liquid silicone composition as hereinbefbrB 

described and the outer layer may be the top-coat as herembefore described, however any 
suitable liquid campositions maybe utilized. 



10042] One mjyor advantage of such a process i$ that the encapsulant is therefore 

applied to the cell surface without air bubble entrapment, a m^or problem under current 
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ptooossed because air bubbles aic beUevcd to retain moisture in bigh humidity conditicms: and 
in use ceHs can be subjected to huge Lempcratuie variations. The presence of xnoirture is 
detrimeaiial to solar modnlas as it ramdenscs into liquid -water vAieh may induce luwd 
coirosion of melalHo contacts, on solder, or on silicon cells and forfhsimore may also cause 
S oarlydclaminadonorUiemodales. 

(0043] In die ease of interoomieeting soUir cells, the low viscosity curable ailicono 

encapsulant composition in accofdancc with the present invartion is sprayed, coated «• 
dispensed uni&nnly onto the back of the ihmt fijass. Then the interconnected solar cells are 
10 further d^05edmilciuneu»d«ilicona. ThoaaseniblyisthcnliitfdcnedUiBnnijllyorby 

inftared radiation in such a way that the encapsulant maintains the mterconnect solar ceUs in 
place. Then ciiber a fbnher amount of oic^sulant or pi«rferably the top-coat composidon as 
described hereb is uniformly applied to totally encapsulate the whole ceU assembly and the 

teMlting coated cell assembly is then hardened tfacmially ox by infiared radia^^ 
IS sample in a continuous oven. 

.[0044] Alternatively a sufficisnt: amount of silicone ciicapsulam as described in the 

present invention is sprayed, coated or dispensed uniformly onto a glass substrate and then 
the hiterconnecting cells are carefidly immersed into a further amount of the encapsulant or 
20 wlien hi use the top-coat and subsequently the resulting coated cells arc cured and hardened 
either thomally or by infrared radiatioiL 

I0045J Preferably, the electrical leads of a module treated using either alternative 

meftod described above may bo ato coated with onc«paulant and optionally tcqp-coat The 
25 leads coated m such a way so that they may be further bonded mto the bade skin material to 
fbim an integral seal. Preferably, the liquid silicone coatmgs are contained by a 
thermoplastic or elaslomeric frame which also provide additional profecticm against water 
ingress at the edge of the pancL 

30 [004d] One very unpoitant a^«ct when compared to the current process is that the 

amire process in aooordmicc with this aspect of ihe InvenUon may be antomated uilo an 
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inlegraled assembly line with ixoccss control and a redaction in Che number of opentore 
required to run the process. 
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100471 JnaprerOTedcmbOdimimtofthepiDccwmaccordancew^^ 

invention there is provided a continuous process using curtain coaten or the like as ameanB 
of coaling the «n«q»alant and protective layer, contmuous avTsn» for curing appUcd layers, 
and a multi-axis robot, (preferably six axis) integrated into an automated system. This 
process may be used for both oi^anio and silicone systems provided the visoosity of the 
coatings involved are suitable for use in combination with fte means of applying the coating 

such as a curtain confer. Hence pwfiasAlyiho viscosity of the uiicurcdcoiuposi^^^ 

greater than 50000 cP and most prefeiaibly no greater than 40000cP. 



I004SJ A curtain coater is generally used for processes iiivohdngmucA less visa)u^ 
liquids and It was hriperative for the process of (he present mvention that the curtain coater 
used didn't cause frothing and or bubbling. There were several changes r«q„iied in ihe stock 
equqmiBnt to handle the higher viscosily liquid. These were oriented mainly to reducing 
enteaitied air in the system, since the higher viscosity inatcrial* which are typically going to 
be used in a process in accordance with the preseat invention may have a tendency to foam or 
reiam air bubbles. Hence in order for the curtain coatcrs of the prior art to work several 
20 measures may be ondcrtaken to render the badittonal curtaiti coatos suitable for the process 
of the present invention. 



I) powered pumps may be required, the usual diaphragm 

puo^s cannot be used, since they introduce air into the system 
also asked for a higher power pump to handle die very high 
viscosity of the top layer (e.g. 1 0.000 cS) 

2) '^^^to" feed system -lower viscosity liquid can be fed from any 
position on the coaler head, but due to the longer time raquh«d 
for levelling prefcrahly the curtain coatera for nee in the present 
process have a c^tre feed 

3) feed -luwer viscosity liquids can. be fed many 
submerged dq)th position (z dimension) fiom the bottom to the 
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top ofthficoater head tank. Normally it is fed in a submerged 
manner to control splashing. Our system preferably has a 
surfitce feed In avnid entrainhiig any air* 

4) anti-splash "pan" - at the bottom of the curtain fall is provided a 
roU«d mdal pan which is provided to contxibute to the laminar 
flow mto the discharge and help prevent entrained air 

5) J^ced tanks are preferably both laiger (overall capacity) and 
tallo- than normal feed tanks used for standard curtain coatcrs^ 
to allow entrained air bubbles to rise to the surface of the tank 
Bcciording to Stakes law, and again help reduce the entrained «ir 

6) the normal operating speed may be lowered as compared to 
prior arc cuitahi coalers and the lower operating speed range of 
the coatcr conveying system was decreased to allow better 
control of the speed of feeding the glass panels, and thus better 

15 control curtain thicknras- 

7> a plurality of several curtain guides were introduced to the 

coater hend to oontityl the width of die curtain and^ur allow 
itiuMpIc curtains such as two or three across. This provided 
coating floxi bility and pcnnitted the use of the same coating 
20 equipment for the coating of many diSbrent ai2es of solar 

panels and arrays and the like. 
*) a long return pipe and coalesccr to remove gross bubbles fiom 

the system 

9} furthermore the curtain coatcr may also be pruvided with a 

25 s^i-continuous vacuum stripper to de-air liquid before feeding 

it back into the coatcr head 
1 0) and Optionally a heating system may be provided to heat the 

liquid as it approaches the curtain. If we heat (he liquid to 
about SOC this has the advantagie of reducing tiha viscosity and 
30 provide enhances the probsd>ility of any mioioscopic bubbles to 

rise to the Burfacc, 
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[00491 The process may for example comprises tiic rollowing steps: 

1 ) a suitable framing material is applied to a cleaned glass panel, 
prefwably this takes place on on XY tabic onto which the plolc 
had been previously positioned. Tha firaming malerial is 

5 utiKsced to protect the edges of the panel and importantly 

provides a moisture barrier, and serves aa a dam to contain the 
liquid CTcapsulants prior to cue. 

2) The resulting framed glass panel is conveyed through a 
eotttinuouB oven to fully cuto the fianiing rualcnal. 

3) 'ITie panel vrilh the cured framing material is conveyed thtough 
a means of applying a layer of encap$ulant preferably by 
means of a curtain coatiiig operation). Pr^rably a layer of 300 

15 to tOOO urn, tnore preferably a layer of about 400 ym of 

encapsuldnt material is applied in a very even coat 

4) If required the multi-axis robot may pick up a solar array (of 
interconnected solar cells) using, for example, a vacuum cup 

2° eripp^, and tfien dip coats the solar array into a trialkoxy silane 

primer which is adapted to protect the cells against moisture. 
This primer also passivates the solar coll ourfoce to aaaist in Ihc 
avoidance of bubble formation during the curing process of the 
encapsulant. 

25 

5) lu the case where 5tq> 4 occurs the silane treated array is thai 
dried preferably by use of the robot. The robot then places the 
primed solar cell array onto the framed panel, and into the layer 
of encapfiulant* using for example a slow six axis motion 

3^ wherein in such cases a fitml, very accurate placement of the 

cells occur provided by a seventh axis on the gripper. 
Preferably lliis placement is done on an extr^ely flat 
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"engraeered" table thai provides v«y accuxate nspentablKty of 
pUccmeirt. This table solves Oic many toleiaiiee isstios inherent 
m the glass and the solar cells. PrBferably thin engineacd table 
has a tuilt-m heater that cures the caicapsulant layer within a 
few minutes iand thus fixes the cells into a permanent position 
after whidi the robot is adapted to release the vacuum and the 
panel moves to the next step. However, alternatively the 
glass/cell/encapsulsnt combination may be cured in « 
conlinuoua oven. 



rOOSOJ The resulting post^ured panel "assembly" is dien conveyed through a second 

curlidu coaterivbere a layer of about 500 Mm of the protective layer is ^^plied in a very even 
coat. 

XS mSi\ "I^eMsembly having had the protective layer applied is thmooinr<^ 

through a continuous convective/IR oven where the protective layer liquid cures into a 
smootb tough backing malorial. 

[0052] 'A he final framed panel is then conveyed into a staging area Which is similar 

20 and may even be the same as for existing systems where the electrical junction box is 

attached, and the panel is eifcer packaged or goes progresses where required to an aluminium 
ftaming step. Our thennoplasUc framing material also helps in this step because the cmed 
fiammg material is bolted into an aJuminium profile without any "squeeze out". This 
squeeze out of excess frame protection material is a problem with the double sided t^e or 
sealant that is cunrcntly used in the mdustry, since it requires trinmimg and glass oleanmg. 



r0053J The entire process in accordance with the present invcmtton is an witomated 

assembly line, or continuous unit-operation manufacturing, using electronic process control 
such as PLC. There are sensors, eonveyois. and buffering areas (fbr any niis-nmlcihes in rates 
30 of particular unit-operations). Preferably (he continuous process of ihe present invention 
prt>vidoB one Ilnearmctei ufpmiel per minute which is a significant improvement over the 
current production speed. 
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DRAWINGS 

100541 FIG. 1 illustrates a conventional solar cdl module with a TedlaiyEVA 
laminated baokaktn. The modiil* rfiows a firom glass. an4 iEtereonnectcd solar cells 

sa«dwichedbetween2EVAsheets. TT.eri«,dulei« edged wifhruM«r seal th« make the 
Jimction to the aJuminium fiamo. 

mSSi no. 2: iUustartes a fimhfir conventional tWn film solar cell module wifii a 

TEFZfiL o«ter lay«-. a thm film silicon solar c«U on atomloss steel auUt«i«. sandwiched 
between 2 EVA aheete. 



100561 FIG. 3 : iUnstmtes a sohr module a perimeter alumiiiium fiame. a fiont 

^ a junction box and intacomiected solar cells encapsulated in accordance with a silicone 
15 composition of flris invention 

[00571 FIG.4: itti^trates a wafer nK>dulo without a cl«««ical perimeter alumu^ 

faunc and daasical junction box. Tho intcrcoimect cdk «xe encapsulated with a siUcone 
oomposhiunmaccoKlance with the present invention. The leads arc coated in such away 
fiial thqr may bo Jhrthca- bonded inia the back skin material to foim an int^ seal. 

[0058J FIG. 5: illustrates aprefeired solarmodule encapsuiatiort process of thiB 

invention having an automatic wafer positiont.,g, in this process appUcations of matarfaJ 
applied. typlcaUy both will besiUoone oompositions in wluuh ist layer is a silicone 
racapsulant layer between the solar ceU and the glass; the second layer is the abrasive 
rasisumce back skin Which may be formed from the same composition or a hani« (when 
cured) op-coat as described above. 
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Examples 

Exantple 1 : Prepaiatioii ofriliconc composition of this invention: 

5 

[00591 35^2 g of a,«)-dimethylvinylsilaxy temrinated pblydimethylsUoxane having a 

molecular wd^ of 62000 g^lc and vinyl content of 045%; 7 g of poly(dimelhyl 
siloxme-co-mettiylhydrogenaitexaiic) containing 1.45% of hydrogen nnits; 47J22 g of p- 
xylenc solution of dimethylvinylaled MQ resin (63% resin in Xylene) were intimately mixed 

10 and the p-xylane stripped out under redaood pressure.- After sol vcnl removal, 0.82Sg of 
dhnethylhydiogqn siloxy terarinated trifluoropiopyl silsesquioxane and 20 ppm of platinum 
catalyst dissolved in a low molecular weight vinyl polymer were added to the blend to make 
Ae final composition. The silicone composition was coated onto a 20 cm x 20 cm gTa»?«f panel 
and cured at 120 for 30 minutes. Tabid gives the uitm violet (UV) & Visual (V) light 

1 5 traiffindssion data of a 200Mm film of this compnsitinn as compared to commcaoial EVA film 
of Ac same thickness. The silicone composition shows a higher Hgjit transmission al 300 and 
. 500 xaa and siniilar transmission at <j33 nm;' The absorbed UV energy causes EVA to yeliow 
and to brown and (his effect is known to affect the visible light tnansmission. 
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Tabic I : Comparative Ultraviolet arxd Visible Ught transmission as a function of wavelength 
for EVA (ELVAX) and silicone material pKpansd in auanpla 1. 



Samples 
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% Traiumittance 
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40Qiimi 
(400^0) 
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Example 2: Silicone compoaiUon tbat exhibit higher taber abtasion resistance dian the FTES 
/BVA laminates. 



were 



[00601 Film samples of similar composWcm as the one described in exanqsle 1 

Snbmitled to a Taber abrasion tester (Taber 5131 <«Juippcd ^th calibrase C$-l 0 abrading 
Wheels) while measnring the light transmission change as function of nnn^ber of cycles. 
Figure 1 indicates lhat after 40 and 80 cycles, Tezfel has lost 25% and 35% of die light 
transmission respectively while the silicone encapsulant of this invention has lost only 8% of 
the light transmission afla: 100 cycles. 
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Table 2 
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Numbor of 

Cycles 

6 


Tefze! 

Thickness: 25 


Silicone EncapsuJant 
Thickness: lOOjjni 


Silicone enciq>sulant 
Thidmess: 200((m 




inn 


100 


100 


5 


80.6 


983 


983 . 


20 




96.5 


96.5 - 


40 


f 76.2 






60 


74.2 


92.5 ~ 


94.2 


80 


70.4 






100 


1 


yi.i 


93.6 



Table 2 : % of light Transmission loss^as a function of abrasion cycl« (tabm 5131, 
CaUbrase CS-IO) (1): Tefeel 25mn (2) ami (3) silicone cn««,suJaTit of this invention ha^g 



5 100 and 200M*n thickness. A laminate 6fEVA/^rHFZELhavii«200nBi thickness did 
show hi^cr abrasion resistaiKse than ssmple 1 . 



. * 
not 



Example 3: 5hore A Hardness of cured siUcone conipi»itions in Wdmiee whh the 
invflotioft showing a gradient toughness fiom the suribce to the bulk. 

[00611 Sanaples of similar composition as the one described in &tiaaplo 1 were cured 

inanaIn.iuuiumcuptom<&c3nimthickilatsamplcs. The catalyst conccBtwrtion was varied 
from 3.6 ppm to 7.1 ppm and die samples aUowed to core for 30 minates at 120 "C, Figure 2 
shows the variation of hardness in shore A fbr bofh top smfice and the bottom sw^ of the 
sample as a function of catalyst concentration. At 2.8 ppm. the »imple is Kkinned tho 
surfeccbutdonotlidlycure. The otampic shows fliat the top surface is haider than flie 
boltom Mir&ce indicBting « fester or complete cure at th,f suikoe than in the bulk. The 
comparatively higfe hanines$ values indicate a high s^rasion resistance and good sur&ce 
Properties, wWle low hardness vatae (bottom surface) indicates softer material, good for cell 
pnitection. Hard material which is in contact withasoUiroell surface is likely to induce high 
stress at flie celVmat^dal sor^e and thc«fere a potential premature delaminalion. especially 
during thennal cycle diange. 
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Pt Catalyst 


Hardness (Shore A) Top 
Surface 


Hardness CShore A) Bottom 

Surface 
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50.4 


47.4 


6.4 


50.1 


47.6 


7.1 


50.2 


48 



Figure 2: Variatiwi of Hardness as a flinctlon of platinum concentration fyrtbo tap sur&se 

and bottom surfocc of a silicone eaoapsulation of this inventioti eured in an aluminium 
cup. 

Ex*Biiplc4: Adheflio«ofiteencapsuIantin.aMOTdanoevwthth^ 
after Damp heat test 
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I00fi21 Sample of silicone encapsulant of simtlar composition as the one described in 

example 1 wore coated onto a 20mm x 20mm glass panel to make a 1 OOO^im thick layer. A 
15 mmx 15 mm siHcon wafer of 6S0|mi thickness was immersed into the liquid encapsulant 
and then the assembly cured for 30 minute*. i,t 120 '>C, The cured eample was submitted to a 
humidity/temperature aging test (S0oC/85%H) for41days. No visible delamination could 
be observed, even after 60 days» the sample was «till cxhibitiAg a veiy good adhesion to die 



15 glass. 



Example 5; Coating glass panels with a modified curtain coater of diis invention and aUicnne 
soldr mcapsulant of this invention. 

20 [0063] '*OJ?g<>f** Silicone encapsulantofOusmventian having a viscosity of 7000 

oPoisc wiis fed into ^ vHxiaiii coater having 9 Kg Of polymer hold up and (hen pumped at 5.5 
kg^n to make a nice curtain. 500 x 500 mm glass panels were fed continuously into the 
coater at45 m/min to form a polymer film of70)mj, after 6 passes under the curtain, a nice 
polymer film of 433Mm thickness was ibimcd. The glass was then fed at l Wmm into 1 
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meter loug infrared oven equipped with 4 lamps of 1000 watts each. The sample hatden« 
rapidly to impart a high scratch resistance sur&ce to the gloss surfiuse. 

Example 6: Coating solar glass panels with a modified curtain coaler of this invention and 
5 tMlicane solar mra^ulaat of this mvention. 

[0064J Bxantpk 5 was r^eatcd except lhat 4 intcR^mtected solar od 

manually slwA on to the glass panels ushig a ^dlicone base adhesive l!0«r of 100 jjm. The 
solar glass with the mttacoimcct on the top side was passed through the curtain at 20 m/mtn 
10 ,to mako ft.fop layer of 200pm, rqpeatins fhe coatuig ste^ ouwj nsBulUsd in a solar panel coated 
with 400}im encqMulaling tibe interoonnccL' The top layer is flien harden by passing it at 0.5 
m/min in 0.8 m long Infrared tumifil equipped with 8 KW IR lanqjs from Heiaeus. 
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A solar module encapsulation solutltMx tiiat comprise « liquid silteouc 
eacapsukuit and coiitinu<«« process ibr euc^sulattng the solar module. 

A solar modules encapsulation whrtion as daims in one where the silicone 
eacapsulant is composed of layers of silicone materials having dil&rent 
molecular wei^t and molecular weight distribution and different StH«iVi 
ratio. T'wfi'^t layer acts as an adhesive layer protecting flie cell fiom 
mechamcal Rtm«s. the second layer aete w, on onvi««ttnental pxolecting layer. 

A soldi- inudules encsqjsularion solution as claims 1 yAuxe the adhesive layer is 
based on a blend of a vinyi fhnctlonal silicone resin, a low molecular weight 
vinyl functional silicone polymer and a SiHraossliriker with a ratio SiH/SiVi 
<1. 

A sohu- modules encapsulation solution as claims 1 where the lop layer b 
based on ablend of a vinyl functional rilicone leain, a high molecular weight 
vinyl nmcdonal silicoae polymer and a SiH cross-linker with aratio SiH/SiVi 
>1. 

A solar modules encapsuktion solution as claimR m one where the dUcone 
matrix composition of both layers contains adhesion promoter to increase a 
strong and long lasting adhesion of the cncapsulant to the adjacent surfaces. 



A solar modules encapsulation solution as claims in one where the sificaoe 
matrix composition is a blend of a functional silicone resin, a functional 
sflicone polymer pr^arcd in a such way that the resin fraction is comprise 
between 20% to 90%, preferably between 25% to 70% and more preferably 
between 30 - 609« of fix«n the top layer and 20- 30 % for the adhesive layer. 
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A Bolar modules encapsuJation eolation as claims m one where the sIKcone 
matrix compositian is designed to impart an increased abiasion and a required 
soil lesistance for terresdnal applications. 



8- A solar modules encapsulation solution as claims in one where the silicone 

composition of both liQWirs ernes without icleasing volatiles. 

9. ^^'««»^«c«»IH«lation solution as d 

CCmposution exhibits a liajhl teaaemisMO^ 



10. 



II. 



12. 



13. 



14. 



A solar modules encs^ulation solution as clahns in one when? the siMcone 
iKimposilioiiwmtainshihibitormolecuIes to aUow a prolonged pot life. 

A solar module emsapsulation as claimed in one. where the appff catton pwcess 
is based on modified curtain coating or other process that allows doe 
deposition of a hifih viscosity material as uniform tlmi film coating having a 
Ihicfcnessranguig from 20 pin to 1200 pm. preferably between 50 nm to 1000 
Mm. more preferably between 200 pm to 700 pm, 

A solar module encapsulation as claimed in one. where the curtain coating or 
other pmcERs is modified to sfllow the application of a unifiambubblc-fiee 
film on the t»p of the cdL 

A solar module encapsulation as claimed in one, where the combination of the 
silicone encapsulation with the curtain coating or other process allows the 
increase of the solar module manu^ctuie thmughpnt. 

A solar module encapsulation a« claimed in one. where the comWuaUon of the 
Silicone encapsulation with the curtain coating or other process allows the 
reduction of the total mannfecturmg cost of solar module. 
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15, A solar module encapsulation as claimed in oncj^ where the deposition of the 

solar cell array into the first layer liquid is by a vacuum gripper. The grippcr 
is controlled by a six-axis robot, or other automatic placement^ sind a seventh 
axis or other gripper to controls the placonent of the solar ceU array into a 
very thin liquid layer of lUO to 7UU {im, more preferably between 2UU and SUO 

1 A ssolar module encapsulation as claimed in one, where a thermoplastic or 

tfaermo-clastomeiic material is fiamed axoimd the glass substrate of the 
mudulo. Tlus Ihunc bcrvBS lu prulocl ilie cdgw uf Ihts panel Jhiiu walcr 
ipgress. The frame also integrates more easily into the aluminium profile 
frames cunently used in the art without the need for trimming and clean-up. 
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